Introduction
A widespread idea in the business cycles literature is that the older an expansion or contraction is, the more likely it is to end. Technically, this concept is known as positive duration dependence.
The issue of whether business cycles are duration dependent -i.e. whether the likelihood of an expansion or contraction ending is dependent on its age -has gained special interest in the last two decades, due to an increase in the average duration of expansions and a decrease in the duration of contractions after World War II (WWII). Some studies have been successful in …nding evidence of positive duration dependence for expansions or contractions (or both), in particular, for the United States (Sichel (1991) , Diebold et al. (1993) , Durland and McCurdy (1994) , Kim and Nelson (1998) , Zuehlke (2003) , Lam(2004) , Davig (2007) , and Layton and Smith (2007) and Zhou and Rigdon (2008)), France, Germany and United Kingdom , Australia (DiVenuto and Layton, 2005) , Japan (Iiboshi, 2007) , Switzerland (Perruchoud, 2008 ) and a panel of thirteen industrial countries (Castro, 2010) .
Nevertheless, two other issues are not so well explored in this literature. The …rst is related to the very own duration of expansions and contractions. We know that expansions, after WWII, tend to last longer than contractions, therefore, we would expect that the magnitude of positive duration dependence might be superior for contractions than for expansions. However, little empirical analysis is done to explore this aspect. On the other hand, it is not sure that the magnitude of duration dependence is the same over the entire duration of an event, as it is assumed by all the studies in this …eld. In fact, the degree of likeliness of an expansion or contraction ending as it gets older may change after a certain duration. For example, the likelihood of an expansion ending as it gets older may increase over time (positive duration dependence) in a …rst moment, but become constant (no duration dependence) after a certain duration. While the …rst idea is somehow discussed by Lam (2004) and Castro (2010) , this second important issue, to our knowledge, has not been addressed in the literature yet. This is an important aspect that we intend to explore in this paper.
Parametric and non-parametric duration models -and even Markov-switching models -have been the models mainly used to test for the presence of positive duration dependence, especially in the US business cycle phases. This has been the case because their turning-point dates have been well documented by the National Bureau of Economic Research (NBER) for a long time. As the Economic Cycle Research Institute (ECRI) has recently built similar chronologies for other countries, a new branch of research is open to be explored using duration analysis. The main aim of this paper is to explore that data applying a parametric continuous-time duration model to the analysis of the duration of expansions and contractions in a panel of 13 European and Non-European industrial countries over the post-WWII period. In particular, this study intends: (i) to con…rm the evidence of positive duration dependence in expansions and contractions in that group of countries;
(ii) to show evidence of signi…cant di¤erences in the magnitude of positive duration dependence between expansions and contractions; (iii) to …nd whether there are di¤erences in the magnitude of positive duration dependence between European and Non-European countries and whether there are signi…cant di¤erences in the respective average duration of expansions and contractions; (iv) to analyse whether the duration of the previous phase a¤ects the duration of the next and whether their durations have become signi…cantly longer or shorter over time; (v) and, most importantly, to check whether the magnitude of duration dependence may change over time, i.e. to test whether there is evidence for the presence of change-points in duration dependence.
Regarding these …ve points, the evidence provided in this paper is quite fruitful since we …nd strong support for the presence of positive duration dependence, which is stronger for contractions than for expansions but not signi…cantly di¤erent for European and Non-European countries; however, expansions and contractions seem to last longer in the European than in the Non-European countries; additionally, results show that contractions (and expansions) have become longer over time and that their length is negatively a¤ected by the length of the previous expansion; and, last but not least, we …nd quite interesting evidence for the presence of a change-point in duration dependence for expansions, but not for contractions. Results show that the magnitude of the duration dependence parameter decreases signi…cantly when expansions surpass 10 years of duration.
In particular, evidence of positive duration dependence is no longer found when an expansion surpasses 10 years of duration. This represents a remarkable new …nding in this …eld of research and an important contribution to the literature.
The rest of the paper is organized as follows. Section 2 reviews the existing literature on the duration of expansions and contractions. Section 3 presents the empirical model and estimation methodologies. Section 4 describes the data and the hypotheses to test. Section 5 discusses the empirical results. Finally, Section 6 concludes emphasizing the main …ndings of this paper.
According to Sichel (1991) , the literature on the duration of business cycles has focused in …nd-ing an answer to the question: "Are periods of expansion or contraction in economic activity more likely to end as they become older? More technically, do business cycles exhibit positive duration dependence?" (Sichel, 1991, p. 254) . Several authors have tried to answer this question using either (parametric and non-parametric) duration models or Markov-switching models. Traditionally, far more interest has been given to the United States (US) business cycle because their turning-point dates are well documented by the NBER. Nevertheless, other industrial countries -like, for example, Australia, France, Germany, Japan and the United Kingdom -have also been under the scope of some of those studies. On the other hand, parametric duration models and Markov-switching models have proved to be more reliable in detecting the presence of positive duration dependence for expansions or contractions than non-parametric duration models. 1 For this reason, we will focus our brief review of literature on the …rst two kinds of models or approaches to the analysis of the duration of expansions and contractions. 2 Using a continuous-time Weibull duration model and the NBER monthly chronology for the US from 1854 to 1990, Sichel (1991) …nds signi…cant evidence of positive duration dependence for pre-WWII expansions and post-WWII contractions, but not for the other phases. Diebold et al.
(1990) also use a Weibull model to test for duration dependence in France, Germany and United Kingdom in the pre-WWII period and reach the same conclusion as Sichel (1991) for that period.
Other more ‡exible continuous-time parametric methods are applied in other studies that test for duration dependence. Diebold et al. (1993) employ an exponential-quadratic hazard model to business cycle data, but they are only able to reproduce the results obtained by Sichel's (1991) .
Using a generalized Weibull model, that nests the simple Weibull model, Zuehlke (2003) …nds some additional evidence of duration dependence in pre-WWII US contractions, but his model does not improve upon Sichel's (1991) Weibull speci…cation in any of the other cases. Moreover, he only …nds evidence of positive duration dependence in post-WWII expansions and contractions once the sample is extended through 2001. 3 Davig (2007) criticizes the fact that Sichel (1991) and Zuehlke 1 Sichel (1991) notices that two important advantages of the parametric approach are: the fact that parametric techniques may have higher power for detecting duration dependence than non-parametric methods; and the fact that it makes it possible to compute estimates of the magnitude of duration dependence. Another advantage is that parametric approaches permit testing of additional hypothesis by extending the basic model. 2 Diebold and Rudebusch (1990) and Ohn et al. (2004) represent important references of non-parametric duration analysis applied to the US business cycle. For further references on non-parametric duration approaches to the analysis of the duration of expansions and contractions, see Castro (2010 Abderrezak (1998) also uses parametric continuous-time hazard models to analyse the issue of duration dependence in a group of eleven industrial countries. However, instead of considering the classical business cycles, this author uses growth cycles. 4 Results from individual-country and pooled regressions show evidence of positive duration dependence in both the whole growth cycles and growth phases (upswings and downswings).
Zellner (1990), Sichel (1991) , Abderrezak (1998) and Davig (2007) also analyse whether the duration of the previous business cycle phase may a¤ect the length of the current phase. Neither
Sichel (1991) nor Abderrezak (1998) were able to …nd evidence for this link. However, Zellner (1990) and Davig (2007) provide some evidence that shorter contractions tend to follow longer expansions in the US. In this study, we hope to provide further evidence on this issue. Sichel (1991) and Davig (2007) also test whether the duration of expansions and contractions has become gradually longer or shorter over time. Their results show that US expansions have become longer, but US contractions have become shorter over time. This is another aspect to be considered in the analysis provided in this paper.
Extending the analysis to a panel of industrial countries, for which the ECRI provides business cycle turning points, and using essentially a discrete-time duration model, Castro (2010) provides signi…cant evidence of positive duration dependence for both expansions and contractions for the post-WWII period. Moreover, he also notices that the probability of a contraction ending increases more quickly with its age than an expansion and that shorter contractions are preceded by longer expansions. 5 This same evidence is expected to be found in this paper, but, most importantly, we (2008) also provide evidence of positive duration dependence in the US business cycles. 4 Contrary to the classical business cycles, growth cycles are simply identi…ed by increases and decreases in GDP growth rates. 5 The aim of that paper is not only to …nd evidence of positive duration dependence but to look at other factors that may a¤ect the duration of an expansion or contraction. To do so, the author has to use a discrete-time duration model since the additional variables to be included in the analysis are time-varying (leading indicators, investment, price of oil, etc.). On the contrary, in this paper we are using a traditional continuous-time duration model and our most important aim is to test whether there are change-points in business cycles duration dependence. also expect to …nd new and signi…cant evidence that the magnitude of positive duration dependence may change after a certain duration, i.e. we expect to …nd a change-point in duration dependence.
In that sense, this paper represents an important improvement upon Castro's (2010).
Other authors have modelled the business cycle as the outcome of a Markov process that switches between the states of expansion and recession. Contrary to the approaches described above, this method regards the business cycle as an unobserved stochastic process, so that the reference cycle turning-point dates identi…ed by the NBER are not necessary. Hamilton (1989) was the …rst to implement this kind of analysis. His model assumes that the likelihood of a country switching from an expansion to a recession (or vice-versa) is not a¤ected by its own duration.
Some later studies relaxed this assumption allowing for state transition probabilities to be duration dependent. Durland and McCurdy (1994) apply such a re…nement to the US real GNP growth rate series and provide evidence of duration dependence for contractions but not for expansions after WWII. 6 A similar result is obtained by Kim and Nelson (1998) rates and heteroscedasticity in the noise component, Lam (2004) shows that the probability of an expansion ending decreases gradually as it gets older, while the probability of a contraction ending increases rapidly a its age increases.
A slightly di¤erent approach to the study of business cycle dynamics was implemented by Di Despite all these developments, there is an important aspect that has not been addressed in this literature yet: the presence of change-points in duration dependence. All these studies depart from the assumption that the magnitude of duration dependence parameter is the same over the entire duration of expansions and contractions. 7 However, the degree of likeliness of an expansion or contraction ending as it gets older may indeed change after a certain time. Therefore, to test for that possibility, this paper will allow for the presence of a change-point in the analysis of the duration of expansions and contractions for a group of 13 industrial countries over the period . But before doing that empirical study, it is useful to make a brief description of the model used in this duration analysis. That is the aim of the next Section.
Empirical Methodology
The duration analysis has its genesis in studies developed in engineering and medical …elds, but its use quickly spread to other sciences. In economics, it started to be used in labour economics to study the duration of periods of unemployment. 8 Due to its properties, this kind of analysis is also suitable for studying the duration of expansions and contractions. In the previous Section, we presented some of the most important references in this …eld. In this Section, we intend to clarify the methodological steps behind the duration analysis, making the bridge to the study of the duration of expansions and contractions. Next we will allow for the presence of a change-point in the structure of the model used in this analysis. This represents an important novelty of this paper.
Duration analysis
The duration variable is de…ned as the number of periods -months in this study -that a country is in a state of expansion or contraction, depending on which phase is being analysed. If T is de…ned as the discrete random variable that measures the time span between the beginning of an expansion (contraction) and its transition to the other state, the series of data at our disposal (t 1 ; t 2 ; : : : ; t n ) will represent the observed duration of each expansion (contraction). The probability distribution of the duration variable T can be speci…ed by the cumulative distribution function:
7 Only Davig (2007) allows for the presence of a change-point or, more precisely, a structural break in a time series of durations, i.e. over the chronological time, but the approach that we develop in this paper is di¤erent since we control directly for the presence of a change-point in the duration dependence parameter and we test whether it changes or not over the duration of the business cycle phases. 8 See Allison (1982) and Kiefer (1988) for a review of the literature on duration analysis.
This function measures the probability of the random variable T being smaller than a certain value t. The corresponding density function is then f (t) = dF (t)=dt. An alternative function to specify the distribution of T is the survivor function, which is S(t) = P r(T t) = 1 F (t). This function measures the probability of the duration of an expansion (contraction) being greater than or equal to t. A particularly useful function for duration analysis is the hazard function:
which measures the rate at which expansion (contraction) spells will be completed at duration t,
given that they last until that moment. In other words, it measures the probability of exiting from a state in moment t conditional on the length of time in that state. From the hazard function we can derive the integrated hazard function:
and then compute the survivor function as follows:
The hazard function is useful to characterize the dependence path of duration. If dh(t)=dt > 0 when t = t , then there is positive duration dependence in t . This means that the probability of an expansion (contraction) ending in moment t, given that it has reached t, increases with its age.
Thus, the longer is the expansion (contraction), the higher will be the conditional probability of it ending or reaching a peak (trough). An opposite conclusion is reached if the derivative is negative.
If the derivative is zero there is no duration dependence. Several parametric countinuous-time models are proposed to measure the magnitude of duration dependence and the impact of other variables on the likelihood of an expansion or recession ending. 9 The functional form that has been used to characterize and parameterize the hazard function is the so-called proportional hazards model: 10 (2010) . 1 0 This means that the ratio of the hazard rates for any two observations is constant over time.
where h 0 (t) is the baseline hazard function that captures the dependency of the data to duration, is a K 1 vector of parameters to be estimated and x is a vector of covariates. The baseline hazard also represents an unknown parameter to be estimated. This model can be estimated without imposing any speci…c functional form to the baseline hazard function, which results in the so-called Cox Model. However, this procedure is not adequate when we are studying duration dependence.
An alternative estimation imposes one speci…c parametric form for the function h 0 (t). The most popular model in the study of the duration of expansions and contractions is the Weibull model, which is described next.
Basic Weibull model
The Weibull model is characterized by the following (baseline) hazard function:
with > 0 and p > 0. In this hazard function, is essentially a constant term and p parameterizes the duration dependence. If p > 1, the conditional probability of a turning point occurring increases as the phase gets older, i.e. there is positive duration dependence; if p < 1 there is negative duration dependence; …nally, there is no duration dependence if p = 1. In this last case, the Weibull model is equal to an Exponential model. Therefore, by estimating p, we can test for duration dependence in expansions or contractions.
Including this Weibull speci…cation for the baseline hazard function in the proportional hazard function given above in equation 5, we have:
Hence, the respective survival function can be written as follows:
This model can be estimated by Maximum Likelihood. The likelihood function for a sample of i = 1; : : : ; n spells (expansions or contractions) is given by:
where c i indicates when observations are censored. They are censored (c i = 0) if the sample period under analysis ends before the turning point has been observed; when the turning points are observed in the sample period, they are not censored (c i = 1).
The corresponding log-likelihood function can be written as follows: 11
or, making use of the respective Weibull hazard and survival functions:
This is the basic structure of the log-likelihood function for the Weibull model that we will estimate in this study to analyse the presence of duration dependence in expansions and contractions in a group of industrial countries. However, this study intends to go a step further relatively to the previous studies in this …eld, which assume that the magnitude of duration dependence is the same over time. However, that may not always be the case. The degree of likeliness of an expansion or contraction ending as it gets older might change after a certain duration. Thus, we consider that the survival time for expansions and contractions may not follow a basic Weibull distribution, but a
Weibull distribution where the parameters characterizing the baseline distribution (or the baseline hazard function) may vary over time for di¤erent intervals but remain constant within each interval.
The points where the parameters change are called change-points. In particular, we will allow for the possibility of a structural break in the Weibull model used to study the duration of expansions and contractions. We conjecture that the parameters of the baseline hazard function ( and p) may change at a certain point in time. In particular, we expect that the degree of duration dependence (p) may change after the event has last more than a certain time. Therefore, we do not only expect that the likelihood of an expansion or contraction ending increase over time, but we also expect that if they have last more than a certain time, the likelihood of ending may change signi…cantly after that point, i.e. the magnitude of duration dependence (p) may decrease or increase from that point onwards.
1 1 See Allison (1982) and Kiefer (1988) for details.
Weibull model with change-points
For commodity, lets re-write the Weibull baseline hazard function on a slightly di¤erent way: 12
where = p . Hence, the survival function can be written as:
where H(t) = ( t) p is the baseline integrated hazard function. Denoting g(t) = ln H(t) and considering a change point c and two intervals, t 0 < t c and c < t t T , g(t) becomes:
with j = 1; 2, regarding that we have two intervals. Due to the fact that the continuity of g(t) has to be veri…ed in the change-point c , we must impose that:
solving this in order to p 2 , we get:
Thus, for the survival time ending at the …rst interval, we have:
and for the survival time ending at the second interval, we have:
Considering the i-th spell (or individual), we get:
where d i = 1 if t 0 < t c and d i = 0 if c < t t T and i = 1; 2; :::; n (number of spells).
Hence, the hazard function is given by:
and the respective survival function can be expressed as:
This means that the log-likelihood function ln
written as follows:
. This model is estimated by Maximum Likelihood, given a particular change-point c . The relevance of that change-point will be evaluated by testing whether there is a signi…cant statistical di¤erence between p 1 and p 2 , i.e. whether there is a substantial di¤erence in the parameter of most interest -the duration dependence parameter -between the two sub-periods.
Data and descriptive statistics
In duration analysis the data are organised in spells. In this study, a spell represents the number of periods in which a country is in either an expansion or a contraction. An expansionary spell ends when a business cycle peak is reached; on the other hand, a contractionary spell ends when the business cycle reaches a trough. These sequence of peaks and troughs in economic activity must be identi…ed to generate the spells of expansions and contractions and the respective durations. In this study, we use the monthly business cycle phase chronology elaborated by the NBER Business
Cycle Dating Committee for the US economy and a similar chronology recently elaborated by the ECRI for a group of 21 market-oriented economies for the period 1948-2009. 13 From that group, we select all the European Countries (EC) for which this Institute reports data on the business cycle turning points: Austria, France, Germany, Italy, Spain, Sweden, Switzerland, and the United Kingdom. Additionally, data were also collected for other industrial Non-European Countries (NEC):
Australia, Canada, Japan, New Zealand, and the US. Thus, a panel of 13 industrial countries will be analysed in this study over the period 1948-2009.
The methodology used by the ECRI to establish the business cycle chronology for these countries is the same that has been used by the NBER for the US business cycle. Those chronologies represent a set of reference dates (peaks and troughs) which are agreed upon by a group of experts at either the NBER or the ECRI and based on a system of monthly economic indicators. 14 A list of the business cycle chronologies for the countries used in this study is presented in Table A .1 in Appendix.
Our preference for studying the duration of business cycle phases using NBER and ECRI chronologies is justi…ed by three reasons. First, we believe that a chronology determined by a committee of experts, using a large range of macroeconomic indicators and employing a consistent methodology, is likely to be superior to a method that regards the business cycle as an unobserved stochastic process and that uses a single variable such as GDP, GNP or industrial production to infer the state of the business cycle at a particular moment in time (Markov-switching approach). 15 Second, using a Markov-switching model over a unique series is more like studying growth cycles than classical business cycles. Thus, the results from such models seem to be better suited to forecast output growth rates than to detect e¤ective business cycles or to evaluate the causes of an expansion or contraction ending. 16 Third, authors employing Markov-switching models usually measure the ability and quality of their approach in predicting business cycles turning points (and duration dependence) by comparing their results with NBER's chronology. Making this comparison they are giving credibility to the work of the NBER Committee.
Therefore, this study assumes that the dates provided by the NBER for the US and by the ECRI -employing the same methodology as the NBER for other countries -are credible and reliable.
mentioned in the text, we prefer to rely on the chronology elaborated by the NBER and ECRI.
the presence of duration dependence in expansions and contractions and to evaluate the presence of change-points in the distribution used in the duration analysis. Hence, these chronologies are a useful source of data to proceed with those tasks. However, other factors may a¤ect the duration of an expansion or contraction. Zellner (1990) , Sichel (1991) , Abderrezak (1998) and Davig (2007) suggest that the duration of the previous business cycle phase (DurP rev) may a¤ect the length of the current phase. Moreover, Zellner (1990) theorizes that the solid fundamentals resulting from longer expansions may a¤ect the duration of the following contraction. This author e¤ectively provides some evidence that shorter contractions tend to follow longer expansions in the US, but only for the pre-WWII period. Davig (2007) Next we analyse graphically the survival functions for the group of all countries, European countries and Non-European countries. Figure 1 reports the respective survival functions for expansions and contractions. Each survival function measures the probability of an expansion or contraction surviving after duration t i . Hence, this …gure is showing the proportion of expansions and contractions surviving over time, as well as, the respective 95% con…dence intervals. The evidence reported in Figure 1 shows a substantial decrease in the probability of expansions and contractions surviving, as they become older, for all groups of countries considered in the analysis.
As this probability decreases quite rapidly, we may conjecture that positive duration dependence can be present in these events. However, to conclude whether the evidence of positive duration dependence for expansions and contractions is statistically signi…cant (or not), we need to test whether the parameter p in the Weibull model is signi…cantly higher than 1 (or not). With the parametric duration analysis, we can also check whether the magnitude of duration dependence is superior or inferior for expansions than for contractions. Moreover, we can also test whether there are signi…cant di¤erences in the duration dependence parameter between the European and Non-European countries. This is something that is not clear by looking only at this …gure.
Finally, there is a very interesting aspect to analyse in Figure 1 . Looking at the survival function for expansions, in particular, we see that it decreases very quickly until t i = 120 but at a slower pace from there onwards. This is also evident for both the EC and NEC. Similar evidence is not so clear for contractions. Thus, this makes us wonder whether there is a break or change-point in duration dependence for expansions. In other words, we suspect that the magnitude of duration dependence can be inferior when expansions surpass the 120 months (or 10 years) of duration.
This is a striking and very important issue not yet considered in the literature but that deserves to be analysed with special attention. That is precisely one of the aims of the empirical analysis developed in the next Section.
Empirical results
The 
Basic results
Considering the basic Weibull model presented in sub-Section 3.2 and using the business cycles turning points data for thirteen European and Non-European countries over the period 1948-2009, we obtained the results that are show in Tables 2 and 3 . In Table 2 , we present results not only for the panel of thirteen countries but also for the sub-panels of European and Non-European countries. 18 This is a …rst step to check whether there are signi…cant di¤erences in duration 1 8 As the sample sizes for individual countries are very small in most cases, individual estimates are likely to be unreliable. A way of circumvent that small sample problem is pooling all the countries in a single equation. This increases the power of the tests and provides more consistent estimates for duration dependence. Nevertheless, some regressions were run to test for the presence of positive duration dependence in each individual country, but the small sample size made di¢ cult to detect its presence given that the standard errors were very high in some cases. Evidence of positive duration dependence for expansions was found only for Germany and the United States; for contractions, it was found for France, Germany, Switzerland, the United Kingdom, Australia, Canada, Japan, and the United States (results are available upon request). dependence between this two groups.
The estimate of p measures the magnitude of the duration dependence and is the estimate for the constant term. Robust standard errors are reported for all the estimated coe¢ cients. A one-sided test is used to detect the presence of positive duration dependence (i.e. whether p > 1).
The sign '+'indicates when it is present at a signi…cance level of 5%. Considering …rst the basic model, the results provide strong evidence of positive duration dependence for expansions and contractions in the three groups of countries considered. Nevertheless, there are two issues that must be discussed. First, the magnitude of duration dependence is higher in the European than in the Non-European countries, indicating that the likelihood of an expansion or contraction ending in moment t, given that it has last until t, increases at a faster pace in the …rst group than in the second. Whether this di¤erence is statistically signi…cant is something that we will check later.
Second, the estimated parameter p is higher for contractions than for expansions. This shows that the probability of expansions and contractions ending evolves at di¤erent rates as their age increases. Regarding the model used, it is not possible to check whether this di¤erence is statistically signi…cant, but it is possible to show whether this di¤erence is relevant. The analysis of the second derivative of the (baseline) hazard function (h 00 0 (t) = p(p 1)(p 2)t p 3 ) shows that in presence of positive duration dependence (p > 1) the hazard function increases at a decreasing, constant or increasing rate if p < 2, p = 2 or p > 2, respectively. Therefore, the presence of decreasing, constant or increasing positive duration dependence can be detected by testing if p is lower, equal or higher than 2. We start by testing for the presence of constant positive duration dependence using a 10% two-sided test. The symbol c next to the estimated parameter indicates when this hypothesis is not rejected. Otherwise, a 5% one-sided test is performed to detect the presence of decreasing (d) or increasing (i) positive duration dependence. Results provide evidence of a relevant di¤erence in the rates at which the probability of expansions and contractions ending evolves. As expansions become older the probability of ending increases at a decreasing rate, but for contractions it increases at a constant rate. This result is in line with the …ndings provided by Lam (2004) and Castro (2010).
Nevertheless, a similar relevant di¤erence is not found when European countries are compared with Non-European countries: evidence of decreasing (constant) positive duration dependence is found for expansions (contractions) in both groups. Notes: The presence of any pattern of heteroscedasticity and autocorrelation is controlled for by using robust standard errors (reported in square brackets).
+ indicates that p is signi…cantly higher than 1 using a 5% one-sided test with robust standard errors. In this …rst estimations we assume that the population of individual-spells is homogeneous, i.e.
that each expansion or contraction is under the same risk of ending, but that may not be the case.
Therefore, in the next group of regressions, we allow for the presence of unobserved heterogeneity or frailty. In statistical terms, a frailty model is a kind of a random-e¤ects model for duration analysis, which represents an unobserved random proportionality factor that modi…es the hazard function of an individual spell. In practical terms, frailty is a statistical modelling concept which aims to account for heterogeneity caused by unmeasured covariates or measurement errors. 19 To include the frailty in the Weibull model we have to modify the hazard function given in equation 7, as follows:
where v is an unobserved individual-spell e¤ect that scales the no-frailty component. The random variable v is assumed to be positive with unit mean, …nite variance ( ) and distributed independently of t and x. On the other hand, the survival function becomes:
We cannot estimate the values of v themselves since they are unobserved. However, supposing, as is usual in this literature, 20 that v follows a Gamma distribution with unit mean and variance , the frailty survival function can be written in the following way:
and the frailty hazard function will be:
Hence, the respective log-likelihood function can be written as follows:
The variance-parameter ( ) is an additional parameter to be estimated, which measures the presence (or absence) of unobserved heterogeneity. As is something that is always greater than zero, the limiting distribution of the maximum-likelihood estimate of is a normal distribution that is halved or chopped-o¤ at the boundary (zero in this case). As a result, the likelihood ratio (LR) test used to detect its presence is a 'boundary'test that takes account of the fact that the null distribution is not the usual chi-squared with one degree of freedom, but rather a …fty-…fty mixture of a chi-squared with no degrees of freedom (which is a point mass at zero) and a chi-squared with one degree of freedom. 21 The p-value of the LR tests reported for the frailty models estimated for the duration of expansions and contractions show no evidence of unobserved heterogeneity e¤ects in the full sample and in the EC and NEC sub-samples. Hence, as frailty is not a problem, we can proceed the analysis with the basic Weibull model.
Even though the presence of frailty (or "random e¤ects") has not been detected, individualcountry e¤ects may be present given that the sample is composed by thirteen countries which may have speci…c individual characteristics. Hence, country dummies are included in the third group of estimations presented in Table 2 . An LR test and a Wald test are used to test for pooling, i.e. to test whether the model controlling for country-speci…c e¤ects is preferred to simple pooling. 22 The results from these tests provide evidence that supports the presence of individual-country e¤ects, which is particularly strong for contractions. These e¤ects are not signi…cant only for expansions in the group of European countries. Hence, this is the only case where we do not need to control for those e¤ects. 23 An interesting …nding that deserves to be emphasized here is the fact that the magnitude of the estimated coe¢ cient for duration dependence increases for both expansions and contractions when the presence of individual country e¤ects is taken into account in the model.
For contractions, we even detect evidence of increasing positive duration dependence, i.e. now the likelihood of a contraction ending increases at an increasing (and not constant) rate with its age. This means that when individual e¤ects are present, but not controlled for, the magnitude of positive duration dependence is under-estimated. Therefore, in the next regressions those e¤ects will be controlled for -when present -including individual-country dummies in the model.
We have assumed that expansions and contractions may have a length from one month to the maximum observable in our sample. However, the NBER and ECRI do not consider a phase of expansion (contraction) with less than …ve (six) months. According to Sichel (1991 
Truncation is allowed for in the last group of regressions presented in Table 2 , but the main results are not substantially a¤ected. 24 Only contractions are slightly a¤ected, but evidence of decreasing positive duration dependence remains for expansions as well as the magnitude of the respective coe¢ cient. However, later we will see that when some additional relevant variables are included in the model contractions are not a¤ect by truncation either. In general, results in this kind of studies have not shown sensitive to the choice of this minimum observable duration and the qualitative conclusions tend to be identical in any case. 25 A question that we have not answered yet is whether the di¤erence in the magnitude of duration dependence between European and Non-European countries is statistically signi…cant or not. To answer this question, we decided to estimate directly the di¤erence in the duration dependence parameter replacing the parameter p by p + pD_EC in the model, where p will measure that di¤erence and D_EC is a dummy variable that takes value one for European countries and zero otherwise. Results are presented in the …rst column of Table 3 and show that the estimated duration dependence parameter is higher for the group of European countries in both expansions and contractions, as we have already noticed in the separate regressions estimated above. However, the estimated coe¢ cient p is not statistically signi…cant, which means that the di¤erences in the duration dependence parameter -i.e. in likelihood of an expansion or contraction ending as it gets older -between European and Non-European countries are not signi…cant. These results are not a¤ected even if truncation is allowed for (see column 2). Thus, a unique duration dependence parameter can be estimated for the group of all countries.
Nevertheless, given the di¤erences detected in the mean duration of expansions and contractions between these groups of countries (see Table 1 ), we decided, in alternative, to include the dummy variable D_EC in the list of the additional covariates (x i ) to control for (the statistical signi…cance of) those di¤erences. That variable is included in the regression presented in column 3. The coe¢ cient on this dummy is highly signi…cant for both expansions and contractions and indicates that the likelihood of an expansion or contraction ending is lower in the group of European countries than in the group of Non-European countries. This result provides statistical support to the evidence reported in Table 1 that, on average, both expansions and contractions last longer in the European than in the Non-European countries. Hence, we conclude that the di¤erence in the average duration of expansions and contractions between these two groups of countries is statistically signi…cant, even though the same duration dependence parameter should be considered for both groups of countries.
Next we test whether the duration of the previous phase (DurP rev) a¤ects the length of the current phase. The results provide some evidence that shorter contractions tend to be preceded by longer expansions, which is a result that complements Zellner (1990) Table 3 ). This variable measures the order or observation number of each event over time for each country. Results show that contractions have become signi…cantly longer over time, a result that is contrary to the one found by Sichel Notes: See Table 2 . Robust standard errors are reported in square brackets. 4p is the estimated di¤erence in the duration dependence parameter between European and Non-European countries. Truncation is used in regressions 2 and 7. Individual-country e¤ects are controlled for in all estimations, given that at least one of the tests (LR or Wald) indicates the presence of those e¤ects. + indicates that p is signi…cantly higher than 1 using a 5% one-sided test with robust standard errors. d, c, and i indicate, respectively, decreasing, constant and increasing positive duration dependence at a 5% signi…cance level. statistically signi…cant at 10% level; at 5% level; at 1% level. Sources: See Tables A.1 and A.2 in Appendix.
(1991) and Davig (2007) for the US. This new evidence can be partially explained by the longer than average duration of the contractions that followed the recent …nancial crises and by the fact that we are using information not only for the US but for a panel of industrial countries. There is also some evidence that expansions have become longer over time, but this evidence is only marginally signi…cant when D_EC and DurP rev are included in the model (see columns 6 and 7).
Nevertheless, despite weak, this evidence is in line with Sichel (1991) In the regression presented in column 7 of Table 3 , we account for truncation but none of the previous conclusions is a¤ected and the magnitude of the estimated duration dependence coe¢ cient does not change much. Hence, and once again, we …nd no practical advantage in complicating further the analysis with such a small truncation. However, this duration analysis deserves to be further explored by allowing for the presence of a change-point in duration dependence for expansions and contractions. That is the aim of the analysis provided in the next sub-Section.
Change-points in duration dependence
The results presented so far (in Tables 2 and 3 ) rely on the assumption that the magnitude of duration dependence is the same over time. However, as we noticed above, the degree of likeliness of an expansion or contraction ending as it gets older may change after a certain duration. Looking 29 The evidence of constant increasing duration dependence is still present for expansions that last less than 120 months, but when their duration surpasses this threshold they are no longer duration dependent, i.e. the likelihood of ending is no longer dependent on their age. 2 7 The estimates for the two di¤erent constant terms are obtained as follows:
The deltha method is used to compute the respective standard-errors. 2 9 Notice that the coe¢ cient on the di¤erence (p2 p1) is negative and statistically signi…cant. Table 2 . Robust standard errors are reported in square brackets. p2 p1 is the estimated di¤erence in the duration dependence parameters.
The change-point is located at duration equal to 120 months for expansions and 30 months for contractions.
+ indicates that p is signi…cantly higher than 1 using a 5% one-sided test with robust standard errors. However, the picture is not so clear regarding the presence of a change-point in the survival function for contractions. In any case, looking at Figure 1 , we decided to test for its presence considering a change-point at 30 months of duration (i.e. c = 30). This seems to be a nice threshold to begin with since the survival function becomes substantially ‡atter after that point.
An analysis similar to the one implemented above for expansions is now provided for contractions in the second part of Table 4 . In the …rst three columns all countries are included in the estimations; the separate estimations for the two sub-groups of countries (EC and NEC) are presented in columns 4 and 5. Results con…rm our expectation of no signi…cant di¤erences in the estimated duration dependence parameter between contractions shorter than 30 months and "older" ones, for the groups of all countries, EC and NEC. This means that c = 30 is not a change-point in duration dependence for contractions, which increases the doubts on its existence for these events.
Other candidates to change-points can be considered either for expansions or contractions. As the thresholds considered above were not estimated directly in the model but selected by simply observing the survival function, we proceed with a sensitivity analysis where di¤erent thresholds are allowed for to check whether the choices made above are reasonable. The results from this sensitivity analysis are presented in Table 5 .
For expansions we consider four di¤erent thresholds: 60 months or 5 years; 85 months, which corresponds to the average duration of expansions in this group of thirteen industrial countries; 150 months; and 180 months. These are some values around the change-point identi…ed above for expansions ( c = 120). Results show that the magnitude of positive duration dependence is not signi…cantly di¤erent below or above those thresholds, which implies that none of these can be considered a change-point for expansions. Moreover, evidence of constant increasing duration dependence is found in any of the sub-periods. Other thresholds were tried, but results were quite similar. Only when the threshold is 120 months (or a value close to it), we have found signi…cant di¤erences in the magnitude of the duration dependence coe¢ cient. Hence, we can conclude that for expansions a change-point is present at a duration of 120 months, meaning that the likelihood of an expansion ending increases (at a constant rate) as it gets older, but when it surpasses 10 years of duration it is no longer dependent on its age.
On the other hand, the conclusion for contractions is di¤erent. We have shown above that c = 30 is not a change-point in duration dependence for contractions, but we also noticed that the choice of this threshold was quite arbitrary since that, looking at Figure 1 , we do not …nd a clear break (or a kind of a kink) as we have found for expansions. Thus, we also tried to test the presence of a change-point considering di¤erent thresholds. Thus, we can summarize the main …nding of this paper saying that a change-point is present in duration dependence for expansions but not for contractions. In particular, evidence of positive duration dependence is no longer observed when an expansion surpasses 10 years of duration, which is a remarkable new …nding in this …eld of research.
Conclusions
The issue of whether business cycles are duration dependent, i. However, two other issues are not so well explored in this …eld of research. The …rst is related to the very own duration of expansions and contractions. As expansions tend to last longer than contractions, we would expect that the magnitude of positive duration dependence might be superior for contractions than for expansions. As the literature gives little attention to this issue, we decided to evaluate the presence of such di¤erences. In general, our results show that as expansions become older the probability of ending increases at a constant rate, but for contractions it increases at an increasing rate. This is an interesting …nding that con…rms the observed tendency for much shorter contractions than expansions over the last half century.
The second and most important issue is related to the magnitude of duration dependence itself, which is usually assumed to be the constant over time. We conjecture that this may not always be the case. In fact, the degree of likeliness of an expansion or contraction ending as it gets older may change after a certain duration. This is an important issue that, to our knowledge, has never been tested in business cycles literature but that we explore in this paper. To proceed with such task, we extend the basic Weibull model used in duration analysis allowing for the presence of a changepoint in the duration dependence parameter. Results from the estimation of this model are quite interesting. They indicate the presence of a change-point in duration dependence for expansions but not for contractions. They show that the magnitude of the duration dependence parameter decreases signi…cantly when an expansion surpasses 10 years of duration. More precisely, evidence of (constant) positive duration dependence is found for expansions that last less than 10 years, but when their duration surpasses this threshold they are no longer duration dependent, i.e. the likelihood of an "older" expansion ending is no longer dependent on its age. This is a remarkable new …nding that shows that the likelihood of an expansion ending increases at a constant rate with its age, but when it is running for more than 10 years, the likelihood of it ending will not depend anymore on its actual duration or age, but perhaps on other random factors.
Concerning all these …ndings, we can conclude that the likelihood of contractions and expansions ending increases with their age, at a higher rate for contractions than expansions, but evidence of positive duration dependence is no longer found when expansions surpass 10 years of duration.
This evidence represents a striking new …nding in this …eld of research and the most important result of this paper.
Given the speci…cities of the countries involved in this study, we also decide to compare the behaviour of two sub-groups of countries: European and Non-European countries. Results show no signi…cant di¤erences in the magnitude of the duration dependence parameter between these two groups, but reveal that expansions and contractions last longer in the European than in the Non-European countries. Additionally, this study also controls for the impact of the duration of the previous phase on the length of the current phase and whether the duration of expansions and contractions is a¤ected over time. Results provide strong evidence that the length of contractions is negatively a¤ected by the length of the previous expansion and that contractions and expansions have become longer over time.
All the empirical research provided by this paper can be extended in several directions. For example, as the ECRI also provides data for growth cycles for the panel of countries analysed in this study, a straightforward extension would be to test whether the conclusions obtained in this study for the classical business cycles can also be obtained using growth cycles. Additionally, we could implement an algorithm to identify the business cycle turning points using, for example, GDP, GNP or industrial production series. Such procedure will allow us to study the behaviour of the business cycle phases in other industrial countries for which the ECRI does not provide data on the business or growth cycle turning points. A drawback of this procedure is the fact that as we have to rely on a single series to identify the turning points, we may not be doing an e¤ective analysis of the duration of classical expansions and contractions.
Another possible extension is related to the selection of the change-point(s). In this paper, that selection is exogenously determined by a sensible graphical analysis of the survival function.
An interesting extension would be to make the selection of the change-point endogenous, maybe incorporating in the standard Weibull model a discrete latent variable that follows a Markov-chain.
This represents a challenging and promising approach to be considered in future research. 
T rough
Dummy variable that takes value 1 in the month in which a business cycle trough is reached, and 0 otherwise.
BCExpan Dummy variable that takes value 1 when a country is in expansion, and 0 otherwise.
BCContr
Dummy variable that takes value 1 when a country is in contraction, and 0 otherwise.
DurExpan Variable that measures the duration of an expansion, in months.
DurContr Variable that measures the duration of a contraction, in months.
DurP rev
Variable that measures the duration of the previous phase, in months.
Event
Observation number of the event (expansion or contraction) for each country.
D_EC
Dummy variable that takes value 1 for European Countries, and 0 otherwise.
Sources: NBER website at http://www.nber.org/cycles/main.html, updated in January 2010; ECRI website at http://www.businesscycle.com/resources/cycles, updated in January 2010.
